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(57) ABSTRACT

A turbomachine includes a tie shaft extending along an axis.
Multiple rotors are mounted on the tie shaft. First and second
clamping members are secured to the tie shaft and exert a
clamping load between the rotors and clamping members at
multiple interfaces. The clamping load at one of the interfaces
includes a radial clamping load of greater than 5% of a total
design clamping load at the one interface. In one example,
one of the clamping members is provided by a hub including
a first leg extending between first and second opposing ends.
The first end provides a flange configured to be supported by
the tie shaft. The second end includes first and second hub
surfaces respectively extending in radial and axial directions.
The first leg is inclined between 15° and 75° relative to the
axial direction.

13 Claims, 2 Drawing Sheets
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1
TIE SHAFT ARRANGEMENT FOR
TURBOMACHINE

BACKGROUND

This disclosure relates to an axial flow turbomachine, such
as a gas turbine engine. More particularly, the disclosure
relates to a tie shaft arrangement used to clamp multiple rotors
together and transmit torque.

A turbomachine typically includes at least one compressor
stage followed by at least one turbine stage. One type of
turbomachine is a radial flow turbomachine having a com-
pressor section in which axial flow is compressed and
expelled from the compressor section in a radial direction to
produce a compressed radial flow.

One prior art radial flow compressor section includes mul-
tiple compressor stages secured for rotation using a tie shaft
arrangement. In such an arrangement, multiple, discrete com-
pressor rotors are clamped between two clamping members
mounted to the tie shaft. Each rotor supports circumferen-
tially mounted blades, which impart torque on the rotor. In
one example, at least one of the clamping members is a
threaded element, such as a nut which is tightened onto the tie
shaft to generate axial clamping load on the rotors that
enables torque transmission. A hub may be used between the
nut and rotor as well. Prior art tie shaft arrangements have
relied entirely upon axial clamping loads to enable torque
transmission between adjacent rotors.

SUMMARY

A turbomachine includes a tie shaft extending along an
axis. Multiple rotors are mounted on the tie shaft. First and
second clamping members are secured to the tie shaft and
exert a clamping load between the rotors and clamping mem-
bers at multiple interfaces. The clamping load at one of the
interfaces includes a radial clamping load of greater than 5%
of a total design clamping load at the one interface.

In a further embodiment of any of the above, the radial
clamping load is up to 40% of the total design load with a
balance of the total clamping load having an axial clamping
load.

In a further embodiment of any of the above, the tie shaft is
a high pressure spool.

In a further embodiment of any of the above, the rotors are
high pressure compressor rotors.

In a further embodiment of any of the above, one of the
rotors includes first and second rotor surfaces respectively
that provide radially and axially extending surfaces, the radial
clamping load exerted on the second rotor surface.

In a further embodiment of any of the above, the first rotor
surface is arranged radially inward of the second rotor sur-
face.

In a further embodiment of any of the above, one of the first
and second clamping members is a hub that provides first and
second hub surfaces that respectively engage the first and
second rotor surfaces to produce the total clamping load.

In a further embodiment of any of the above, the hub
includes a first leg having opposing first and second ends. The
second end provides the first and second hub surfaces. The
first end provides a flange supported by the tie shaft.

In a further embodiment of any of the above, the tie shaft
includes a threaded surface having a nut secured to the
threaded surface and configured to apply the clamping load
through the first end.

In a further embodiment of any of the above, the first leg is
inclined between 15° and 75° relative to the axis.
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In a further embodiment of any of the above, the hub
includes a second leg joined to the first leg. The hub is
arranged between compressor and turbine sections and is
configured respectively to provide compressor and turbine
clamping loads to the compressor and turbine sections.

In a further embodiment of any of the above, a friction
modifier is provided at the interface.

In one example, one of the clamping members is provided
by a hub including a first leg extending between first and
second opposing ends. The first end provides a flange config-
ured to be supported by the tie shaft. The second end includes
first and second hub surfaces respectively extending in radial
and axial directions. The first leg is inclined between 15° and
75° relative to the axial direction.

In a further embodiment of any of the above, the hub
includes a second leg integral with the first leg and extends
generally in the axial direction from a joint arranged between
the first and second ends to a third end.

In a further embodiment of any of the above, a friction
modifier is provided on at least one of the first and second hub
surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be further understood by reference to
the following detailed description when considered in con-
nection with the accompanying drawings wherein:

FIG. 1 is a schematic cross-sectional view of an example
gas turbine engine.

FIG. 2 is an enlarged cross-sectional view of an example tie
shaft arrangement.

FIG. 3 is an enlarged view of a portion of the tie shaft
arrangement shown in FIG. 2.

FIG. 4 is a further enlarged view of a portion of the tie shaft
arrangement illustrating a friction modifier at an interface.

DETAILED DESCRIPTION

One example gas turbine engine 10 is schematically illus-
trated in FIG. 1. The engine 10 includes low and high spools
12, 14 rotatable about acommon axis A. Although a two spool
arrangement is illustrated, it should be understood that addi-
tional or fewer spools may be used in connection with the
disclosed tie shaft arrangement.

A low pressure compressor section 16 and a low pressure
turbine section 18 are mounted on the low spool 12. A gear
train 20 couples the low spool 12 to a fan section 22, which is
arranged within a fan case 30. It should be understood that the
disclosed tie shaft arrangement may be used with other types
of'engines.

A high pressure compressor section 24 and a high pressure
turbine section 26 are mounted on the high spool 14. A com-
bustor section 28 is arranged between the high pressure com-
pressor section 24 and the high pressure turbine section 26.
The low pressure compressor section 16, the low pressure
turbine section 18, the high pressure compressor section 24,
the high pressure turbine section 26 and the combustor sec-
tion 28 are arranged within a core case 34.

The engine 10 illustrated in FIG. 1 provides an axial flow
path through the core case 34. A tie shaft 36 provides the high
spool 14 in the example illustrated, although the disclosed tie
shaft may be used for other spools. The disclosed clamping
arrangement can be used in compressor and/or turbine sec-
tions of the engine 10. In the disclosed example tie shaft
arrangement, multiple high pressure compressor rotors 38A,
38B, 38C and 38D, collectively referred to as “rotors 38,” of
the high pressure compressor section 24 are clamped to one
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another to secure the rotors 38 to the tie shaft 36 and transmit
torque. Turbine rotors 62, 63 of the high pressure turbine
section 26 are similarly secured to the tie shaft 36.

Referring to the FIG. 2, the high pressure compressor sec-
tion 24 is illustrated in more detail. The rotors 38 support
airfoils that generate torque; airfoils can be either integral like
38a, 385 and 38¢ or separated like blades 40. First and second
clamping members 42, 44 are secured to the tie shaft 36 and
exert a clamping load between the rotors 38 and clamping
members 40, 42 at multiple interfaces 39 between these com-
ponents. The torque is transmitted from rotor to rotor through
the friction between the axial and radial interfaces.

In the example, a first clamping member 42 is provided by
a forward hub threadingly secured to one end of the tie shaft
36. The second clamping member 44 is provided by an aft hub
mounted to another portion of the tie shaft 36 to clamp the
rotors 38 between the forward and aft hubs. A nut 50 that is
threadingly tightened onto a threaded surface 49 of the tie
shaft 36 during assembly will induce the necessary clamping
preload into the rotors stack.

The second clamping member 44, in one example, includes
first and second legs 52, 54 secured to one another at a joint
60. The nut 50 prevents rolling of the lower portion of the first
leg 52 that could lead to loss of radial reaction between the
second clamping member 44 and tie shaft 36 that in turn could
lead to vibrations. In the example, the first and second legs 52,
54 are integral with one another to provide a unitary structure.
A second end 56 of the first leg 52 is provided opposite the
first end 48. The second end 56 abuts the aft-most rotor 38D.
The second leg 54 extends generally in the axial direction and
includes a third end 58 that engages the turbine rotor 62 to
provide it’s clamping to the high pressure compressor section
24. The main preload path goes through the second leg 54 and
the upper portion of the first leg 52. The lower portion of the
first leg 52 provides a midspan support for the compressor
section 24 and turbine section 26 between high spool bearings
(not shown) and the interface for nut 50 that is used during
high pressure compressor assembly to create a temporary
preload prior to application of the final preload through the
main preload path. A nut 65 clamps the turbine rotors 62, 63
to the second leg 54 along the main preload path

The tie shaft arrangement relies upon a combination of
axial and radial clamping loads to transmit torque between
the hubs, rotor and tie shaft, which reduces the overall clamp-
ing load typically used in the prior art in the entirely axial
direction. To this end, the upper portion of first leg 52 is
arranged on an angle B, which may be inclined 15-75° rela-
tive to the axis A to generate a radial load against the shaft 36
and prevent rolling. The lower portion of the first leg 52
provides a radial clamping load at the second end 56 and a
radial load at the tie shaft interface. The geometry can encour-
age significant radial loads, which reduces the amount of
axial clamping load, which lowers the contact stress in the
upstream interfaces. The second leg 54 is at a relatively small
angle relative to the axis A, and in the example, almost par-
allel.

Referring to FIG. 3, the rotor 38D includes first and second
rotor surfaces 64, 66, for example. The second end 56
includes first and second hub surfaces 68, 70 that respectively
engage the first and second rotor surfaces 64, 66. The first
rotor surface 64 is arranged radially inward of the second
rotor surface 66, although the reverse arrangement may be
used if desired. Torque transmission is accomplished by a
combination of axial and radial friction between mating ver-
tical faces subject to axial preload and snaps subject to radial
loads derived from tight fits respectively. The configuration of
the second clamping member 44 generates a radial load
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between rotor and hub surfaces 66, 70 that is 5-40%, for
example, of the total design clamping load between the sec-
ond end 56 and the rotor 38D in one example. As a result, the
component sizes, thicknesses and/or masses in the tie shaft
arrangement may be reduced as compared to a tie shaft
arrangement that relies entirely on an axial clamping force.

To further enhance torque transmission between adjacent
components, a friction modifier may be used at the interfaces
39 to increase the friction of the base material, which is a
nickel alloy, for example. The friction modifier may be pro-
vided, for example, by rough surface finishing, grit blasting,
coatings, sprays, plasma, colloidal particles, adhesives,
pastes and/or additives. Friction modifiers 72 are schemati-
cally illustrated on the first and second hub surfaces 68, 70 in
the example shown in FIG. 4.

Although an example embodiment has been disclosed, a
worker of ordinary skill in this art would recognize that cer-
tain modifications would come within the scope of the claims.
For example, the disclosed tie shaft and clamping arrange-
ment may be used for other turbomachines. Thus, the follow-
ing claims should be studied to determine their true scope and
content.

What is claimed is:

1. A turbomachine comprising:

a tie shaft extending along an axis;

multiple rotors mounted on the tie shaft;

first and second clamping members secured to the tie shaft

and exerting a clamping load between the rotors and
clamping members at multiple interfaces, the clamping
load at one of the interfaces including a radial clamping
load of greater than 5% of a total design clamping load at
the one interface; and

a friction modifier is provided at the interface, wherein the

interface includes at least one of a rough surface finish,
a grit blasted surface, a coating, a spray, a plasma, col-
loidal particles, adhesives, pastes and additives.

2. The turbomachine according to claim 1, wherein the
radial clamping load is up to 40% of the total design clamping
load with a balance of the total clamping load comprising an
axial clamping load.

3. The turbomachine according to claim 1, wherein the tie
shaft is a high pressure spool.

4. The turbomachine according to claim 3, wherein the
rotors are high pressure compressor rotors.

5. The turbomachine according to claim 1, wherein one of
the rotors includes first and second rotor surfaces respectively
providing radially and axially extending surfaces, the radial
clamping load exerted on the second rotor surface.

6. The turbomachine according to claim 5, wherein the first
rotor surface is arranged radially inward of the second rotor
surface.

7. The turbomachine according to claim 5, wherein one of
the first and second clamping members is a hub providing first
and second hub surfaces respectively engaging the first and
second rotor surfaces to produce the total clamping load.

8. The turbomachine according to claim 7, wherein the hub
includes a first leg having opposing first and second ends, the
second end providing the first and second hub surfaces, the
first end providing a flange supported by the tie shaft.

9. The turbomachine according to claim 8, wherein the tie
shaft includes a threaded surface, and comprising a nut
secured to the threaded surface and configured to apply the
clamping load through the first end.

10. The turbomachine according to claim 8, wherein the
first leg is inclined between 15° and 75° relative to the axis
and extending from the flange to the second end.
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11. The turbomachine according to claim 8, wherein the
hub includes a second leg joined to the first leg, the hub
arranged between compressor and turbine sections and con-
figured respectively to provide compressor and turbine
clamping loads to the compressor and turbine sections. 5

12. A tie shaft clamping member comprising:

a hub including a first leg extending between first and
second opposing ends, the first end providing a flange
configured to be supported by a tie shaft, and the second
end including first and second hub surfaces respectively 10
extending in radial and axial directions, the first leg
inclined between 15° and 75° relative to the axial direc-
tion and extending from the flange to the second end; and

afriction modifier is provided on at least one of the firstand
second hub surfaces, wherein the at least one of the first 15
and second hub surfaces includes at least one of a rough
surface finish, a grit blasted surface, a coating, a spray, a
plasma, colloidal particles, adhesives, pastes and addi-
tives.

13. The tie shaft clamping member according to claim 12, 20
wherein the hub includes a second leg integral with the first
leg and extending generally in the axial direction from a joint
arranged between the first and second ends to a third end.

#* #* #* #* #*
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